proposed a classification for injuries' mechanism, which we adapted, dividing risk factors into intrinsic (one's characteristics) and extrinsic (external causative agent).
Introduction
Ankle injuries are very common, specially sprained ankles [1] . Fong, et al. [1] reported that ankle sprain was the major ankle injury in 33 of 43 sports. In high impact, contact and pivoting activities, as well as in jumping and landing, a high proportion of the injuries will affect the lower limb, namely the ankle joint [2] [3] [4] .
Ankle sprain can injure the medial ligaments, lateral ligaments, or the syndesmotic tibio-fibular joint. Respectively, these injuries are referred as medial, lateral or high ankle sprains. Lateral ankle sprains are more common, and athlete's are at a significantly higher risk of sustaining one [5] . This review will focus primarily on lateral ankle sprains, which from now on, will be referred only as ankle sprains.
Very often, an exaggerated supination and inversion of the foot, with external rotation of the tibia leads to this injury [6] . This mechanism generates tension that stretches the ligaments beyond their tensile strength, leading to damage [6] . Classically, this damage is divided in three grades and the patient usually has pain with weight bearing, ecchymosis and swelling, progressively increasing with the grade [7] .
Most of the times, the treatment for a sprained ankle is conservative [2, 6, 8, 9] , rarely including surgery [10] . Even though ankle sprains tend to be considered "easy to treat", sometimes a bad outcome may be present [11] . According to the severity of the tear, the patient might have different grades of short-and long-term disabilities.
As mentioned above, ankle sprain treatment is usually conservative. Nonetheless, considering the high incidence of this injury, and the negative impact that it might have on personal, professional and leisure activity, it's easy to understand why medical teams make a huge effort trying to prevent it. A thorough understanding of the risk factors behind ankle sprain is mandatory to create proper education and prevention programs, either in non-professional and professional sports activities. This literature review intends to summarize and condense the available scientific evidence up to the date.
Methods
We searched MEDLINE on 24 September 2018 using the keywords ("sprained ankle" OR "ankle sprain") and ("risk" OR "predictive" OR "prevention") and the filter 'Article -Systematic Review". Studies investigating risk or predictive factors for lateral ankle sprain, as well as lateral ankle sprain prevention, were included. There was no limitation based on physical activity, sports, age or study publication date. Studies were excluded based on title and abstract reading. If any doubt remained, the article full text was read. Literature [12] suggests some risk factors for ankle sprain which are not yet covered by a systematic review, and further reading on these risk factors was made.
Results
Our search led to sixty-two articles. Nine articles were excluded because they covered ankle sprain treatment or rehabilitation. Three articles were excluded, as they covered chronic ankle instability. Four further articles were excluded because, besides covering ankle sprain, they didn't study any risk factor or preventive measure. We also excluded four more articles: One about upper ankle sprain; one that covered the fracture risk during an ankle sprain; one that reported findings on anterior cruciate ligament; and the last, which was withdrawn from the database. Finally, 42 studies were included in our review. of the muscles that antagonize this exaggerated motion is, the less likely it will be to have an ankle sprain. Additionally, the stronger the eccentric contraction of supinators and invertors is, the fewer injuries will occur. Besides, it is reasonable to hypothesize that the faster these muscles activate, the less will be the incidence of this injury.
Even though Beynnon's group had conflicting results [22, 28] , a more recent systematic review with meta-analysis is opening a door to clarify the role of muscle strength in ankle sprain [26] . This study is concordant with the theory exposed and showed that a decreased slow eccentric inversion strength would increase the incidence of ankle sprains [26] .
Hagen, et al.
[29] studied the correlation between the pronator-to-supinator-ratio (PSR) and ankle sprains in football and handball players. A higher PSR implies that pronator muscles are stronger than supinator muscles, which would, according to the mechanism above, reduce the incidence of ankle sprains. This study showed that a lower PSR is a risk factor for ankle sprain [29], supporting the theory above.
Peroneus longus and peroneus brevis are foot evertors that play a role in primary defense against ankle sprains [30, 31] . According to the theory explained previously, as strong as these muscles are, the less likely would be to sustain an ankle sprain [32] . In fact, a recent study showed that peroneus longus weakness while walking on a ramp with more than 10° slope increases the incidence of sprained ankles [32] . However, no significant relation was found for peroneus brevis [32] .
Even though most would only consider the muscles that cross the ankle-complex when it comes to relate muscle strength and sprained ankles, a recent study [11] showed that an increase in hip strength, and even in core strength [33], might reduce the incidence of ankle sprains. This relation is based on kinetic chain theory, which postulate that impaired proximal function increases the likelihood of uncontrolled joint displacements throughout the lower kinetic chain [34] . Additionally, during landing (an ankle sprain risk condition where the ankle transits from unloaded to loaded [35]), the hip extensors muscles play an important role in the deceleration of the body [36] , reinforcing the role of proximal muscles in ankle stabilization.
This information proposes a relation between ankle-complex muscles and ankle sprains. In fact, even proximal muscles might play a role in this injury. However, prospective studies that measure muscle strength of all the ankle-complex muscles should be developed, in order establish independent and clear risk factors.
When it comes to muscle-reaction time, the few existent literature doesn't support the theory proposed above. Kobayashi, et al. [26] found that earlier reaction of the peroneus brevis increases this injury. No relation was found for peroneus longus and tibialis anterior [26] . These results do not support the muscle-reaction time hypothesis. Nonetheless, as exposed by the authors, there is a possibility of beta-error [26] . Additionally, other study didn't find any significant relation between muscle-reaction time and ankle sprain [22] . More studies are required to verify this theory.
Intrinsic risk factors
Gender: Most of the studies didn't show any significant difference in ankle sprain incidence between male and female. Nonetheless Doherty, et al. [5] reviewed and meta-analyzed 181 prospective studies and found that women were at a higher risk of sustaining an ankle sprain, compared to men (13.6 vs. 6.94 sprains per 1000 exposures). To our knowledge, this was the first systematic review including this number of articles and finding differences between genders. However, the reason behind this difference is still unknown. Further studies should target if sex disparities are related to different intensities and behaviors during sports practice, or whether the higher risk in women is related to morphophysiological female characteristics.
Age: Once again, Doherty C, et al. [5] is paving the way to clear if age is related to ankle sprains. Their results showed a higher risk of ankle sprains in children compared to adolescents (2.84 vs. 1.94 per 1000 exposures), and adolescents compared with adults (1.94 vs. 0.72 per 1000 exposures). Other author's researches [14] [15] [16] showed similar results to Doherty, however not all studies are unanimous [17] .
The higher incidence of sprain ankles in younger athletes could be explained by a not fully developed sensorimotor function [18] . Furthermore, the need for injury prevention is mandatory, because injury at a young age can have a negative impact on children's activity and may lead to long term complications [18] [19] [20] .
Height, weight and body mass index: Height and weight have been implicated as risk factors for sprained ankles [21]
, because an increase in either of them, proportionally increases the magnitude of inversion torque that must be resisted by the ankle-complex, when the foot is in an at-risk position [12] . However, many studies didn't find an independent significant association between ankle sprain and height or weight [4, 17, [22] [23] [24] .
Even though weight and height individually haven't been clearly defined as risk factors for ankle sprain, some studies showed significant correlation between BMI and sprained ankle [15, 25] . In a recent systematic review with metaanalysis [26], greater BMI was found in the injury group.
The fact that higher BMI is significantly related to ankle sprain, while height and weight aren't, suggests that BMI is a more reliable measure to express one's body constitution. Weight and height should not be seen separately, because they are inextricable.
Muscle strength and muscle-reaction time:
The ankle joint is stabilized by three major components: Articular surfaces, ligaments, and musculotendinous units [27] . When we talk about dynamic protection of joints (stiffness generated by musculotendinous units [27]), not only concentric function of muscles should be considered, but also eccentric functions as well [27] .
The mechanism that usually leads to an ankle sprain is an exaggerated inversion and supination of the foot [6] . Thus, it is logical to expect that the stronger the concentric function of primary and recurrent ankle sprain [48] [49] [50] [51] [52] [53] [54] [55] . Moreover, balance training increases joint position sense, dynamic neuromuscular control and postural sway [50] . According to different studies, an increase in these capabilities can reduce ankle sprains [3, 44, [55] [56] [57] [58] [59] .
There are even studies showing how multi-intervention programs are effective reducing the incidence of ankle sprain, namely by 50% [51] . However, the relative importance of each component of these programs remains unknown and warrants further research [46] . Different authors studied different proprioception related concepts and tried to relate them with ankle sprain incidence. Besides some studies have some cons, such as selection bias or the lack of prospective analysis, in our opinion, it's clear how the different components of proprioception affect the ankle joint. Further prospective research should be done, to determine the relative importance of each one of proprioception components and, ultimately, define proper prophylactic exercised-based programs.
Limb dominance:
The only review of our knowledge that covered this topic, found no conclusive results [12] . There were studies stating that limb dominance was unrelated to ankle injury risk [22, 60] , while others showed that 92% of ankle injuries affected the dominant leg [37] . Further research with proper sample size is required, as these inconclusive findings might have been the result of different study designs and methods.
Foot type and other anatomic specificities (joint laxity, anatomic alignment and ankle-foot range of motion): Beynnon's, et al. review [12] was the only one we found relating anatomic foot type (pronated, supinated and neutral) and ankle sprains. However, no correlation was found between foot type and this injury. According to the authors, the reason behind these findings could be an inadequate anatomical classification system of the foot [12] . The typical classification is determined while the athlete is standing barefoot and not on an at-risk situation; additionally, this approach has not been related to musculoskeletal abnormalities, neither can identify foot biomechanics' defects [12] . A more recent and validated method [61] , the foot posture index (FPI), also found no relation between anatomical foot type and ankle sprain, as there was no association between FPI score and the occurrence of this injury [62] .
According to the previous referred limitations of foot type static measurement, dynamic methods that can be used on at-risk situations for sprained ankles should be developed. Moreover, future research should focus on determining these new methods specificity and sensitivity in predicting an ankle sprain, eventually leading to the identification of new risk factors for this injury.
Generalized joint and ankle-joint laxity, anatomic alignment and range of motion of the ankle-foot complex were covered on Beynnon's, et al. review [12] . However, none of these appeared to have a clear relation to ankle sprains. Future research is needed to clarify these topics.
Extrinsic Risk Factors
Previous ankle sprain: At the beginning of this century, Beynnon's group [12] had already pointed previous ankle sprain as one of the most studied risk factors for a new injury. Even tough, at that point, and using the author's words, the literature was "divided". On one hand, one of the first prospective studies [37] studied 124 soccer athletes and found that those who suffered a prior ankle-ligament sprain were at a higher risk of sustaining the injury again; on the other hand, other studies revealed no increased risk for ankle sprain after sustaining a prior injury [12] . Beynnon's group suggested that the joint condition after injury depends on the associated damage to the ligaments and even the quality of the rehabilitation [12] . These reasons might be a possible justification for these divergent findings.
Recent studies reported previous ankle sprain as a risk factor for ipsilateral [17, 25] and contralateral [38] future lateral ankle injury. Moreover, a systematic review [39] identified and reviewed 26 articles, describing the relationship between injury and re-injury for the four most common lower extremity injury. Their results showed that previous ankle sprain is the most common injury resulting in a secondary sprain of the ipsilateral or contralateral ankle, which may be explained by neuromuscular factors [39] . Even though this research applies only to the active adult population, it gives a great support on how a previous sprained ankle might contribute to a future injury.
In our opinion, previous lateral ankle ligaments sprain as a risk factor for re-injury might be one of the risk factors with more scientific evidence supporting it.
Balance, neuromuscular control and proprioception:
Proprioception is a complex process which is coordinated by afferent and efferent impulses, working as feedback loops [40] . It implies a fine tune between nervous and musculoskeletal systems, allowing one to be aware of his own joint position (joint position sense) and joint movement (kinesthesia) [41, 42] ; This neuromuscular feedback mechanism might be interrupted with injury and abnormalities, but surgical intervention and rehabilitation might restore it [42] .
Proprioceptive rehabilitation training includes exercises that challenge the ability of the targeted joint to detect and react to afferent input regarding joint position, for example, balance exercises [43] . As this type of exercises and neuromuscular control are implied in proprioception, it's logical that different authors have explored the effectiveness of improving these diverse components in injury prevention, namely in the ankle joint.
As a matter of fact, when relating proprioceptive training and the incidence of ankle injuries, many authors suggested that an increase in proprioception mainly reduces the incidence of recurrent ankle sprain [43] [44] [45] [46] [47] . However, a recent review [47] showed that proprioceptive training programs were effective in reducing the incidence rates of ankle sprains in athletic population, including those with and those without a history of ankle sprains.
Concerning balance training, there are plenty of studies showing that balance-based exercises reduce the incidence Shoe type: A systematic review from the late 90's relating athlete's shoe type and ankle sprain prevention reported numerous findings [67] . High top shoes were recommended for injury prevention in basketball and football [67] . However, lower incidences of sprained ankles were found in athletes wearing specially designed swivel shoes instead of the conventional cleats [67] . A recent systematic review with meta-analysis found that high top shoes reduce the risk of ankle injury in basketball players [52] . Further studies should be developed to clarify if the characteristics of the shoe in the correspondent sport correlate with ankle sprains.
Sport category and floor type:
We found two systematic reviews relating sports category and the floor type with the incidence of ankle sprains [1, 5] . Both stated that the incidence of sprained ankles was higher in indoor, court and team sports. The nature these sports might explain the higher incidence of injury on this floor type, likely because these are sports with high-demand to the ankle [2] [3] [4] .
Player position: Different authors found no difference in risk of ankle injury among player positions [12] . However, we found a recent study [68] that video-analyzed ankle injuries in world-class volleyball and stated that blockers had the highest incidence of injury, mainly due to landing on an attacker that crossed to the opponent's court. This fact might raise the need to review volleyball game rules.
Hence, according to different sports specificities, the player position might be a risk factor for ankle sprains. A thorough analysis of different in-game situations is required to establish such relation.
Conclusion
Most professionals working with athletes would rather prevent an injury than treat one. However, solid scientific evidence is needed to build structured and efficient prevention programs. Unfortunately, despite the high incidence of ankle sprain, the literature hasn't reached a consensus when it comes to define clear risk factors for this injury. Similarly to others, our review found previous ankle sprain as a risk factor for a new injury, and external ankle support (bracing/taping) as a preventive measure for a new or recurrent sprained ankle. Moreover, our review suggests that ankle sprains might be related to specific ankle-complex muscle strength, and even with proximal muscle strength. It also appears that balance and proprioceptive training might reduce the incidence of this injury. Athletes practicing indoor and court team sports also have a higher risk of sustaining a sprained ankle. Even though the next topics were less unanimous, it appears that younger female athletes, with a high BMI, might have an increased risk for ankle sprain. Shoe type and player position might also be a risk factor in specific sports. We didn't find any correlation between muscle reaction time nor anatomic foot type and ankle sprains.
To our knowledge, we were the only ones in more than fifteen years approaching these many ankle sprain risk factors in the same review. We paralleled different studies, from different authors and years, and tried to understand how a specific risk factor relates with this injury.
Ankle bracing and taping: Beynnon's, et al. [12] stated that braces were effective for reducing the risk of reinjuring an ankle, but not for a first-time sprain. Only considering the mechanical support given by bracing, one would expect that both athletes, with and without history of previous ankle sprain, had fewer injuries. Only athletes with previous ankle sprains had a reduction in the incidence of this injury, which suggests that bracing protects the joint, not only mechanically, but by fixing an issue in a previously injured ankle. Furthermore, the authors found no difference in the severity of ankle sprains with or without the use of the brace. Once again, considering only brace mechanical support, it was expected that the braced group had less injuries, but with higher severity. This would happen, because an injury would only occur when the generated tension surpassed the brace mechanical threshold. A more recent systematic review [63] found a 69% reduction in ankle sprains among athletes who wore braces and had an history of previous ankle sprain. Even though bracing effectively decreased the incidence of ankle sprains, the exact mechanism behind it was still controversial.
A recent systematic review [48] concluded that athletes who wore braces had fewer ankle sprains (p < 0.05) and reduced the risk of sprains by 64%, either if they had or hadn't a previous sprain history. It's more likely that this systematic review had less bias than the ones mentioned above, considering the larger number of studies included. According to Karlsson, et al. [64] , reduction of mechanical ankle instability, limitation of extremes of ankle motion, as well as an increase in proprioception, would contribute to the increased protection given by external ankle supports. Moreover, the best protection is found in ankles with the highest degree in mechanical instability [64] , which might explain the results found in the reviews above [12, 48] . A recent systematic review [52] also states that braces effects are due to mechanical and neuromuscular enhancements. Nonetheless, there is a review [41] that found no effect of external ankle supports on proprioception, and even suggested that proprioception may be worst in some movement planes. However, they didn't discourage the use of braces and tapes [41] .
Another question that is often raised, is if there is any difference between bracing or taping the ankle when it comes to reduce the incidence of ankle sprains. Current evidence is mixed whether bracing or taping is more effective in reducing ankle injury risk [52] . Even though we found a study suggesting that braces are superior to tape [65] , most of the authors suggested no difference between either one of the external ankle supports [58, 63, 66] . However, any potential prophylactic effect should be balanced against the baseline risk of the activity, the supply and cost of the particular device, and the perceived loss of performance [66] (loss of performance will only occur if the brace/tape isn't appropriately applied [67] ).
In our opinion, braces and tapes are equally effective reducing the incidence of ankle sprains in athletes with or without history of previous injury. However, the exact mechanism behind these external ankle supports it's not yet clearly understood. More researches are needed to clarify the current mixed evidence about this topic. Even though there are a few clearly defined risk factors for ankle sprain, further prospective studies are needed to properly evaluate each suggested risk factor for this injury, reducing the actual bias and uncertainty. It's mandatory to clear if some of the results found are reproducible, or if they're due to confounders. However, it seems that the correct way has started to be paved. After defining clear risk factors for ankle sprains, it will be possible to create proper education and prevention strategies.
